Introduction
'Drifting' in the sense 'to move or be carried in a casual, unimpeded manner' is, unfortunately, an appropriate term to describe the progression of Central American squirrel monkeys in Costa Rica, Saimiri oerstedii oerstedii and S. o. citrinellus, towards extinction.
Historical records indicate that the distribution of this species has always been restricted to the Pacific wet lowlands of Costa Rica and Panama, an area of less than 8000 sq km, and 600-1000 km from the nearest South American squirrel monkeys (Hershkovitz, 1984) . The urgent need for conservation measures has been emphasized relatively recently (Boinski, 1985 (Boinski, , 1987a Wong et al., 1994) . '
In 1983 the number of squirrel monkeys in Costa Rica was estimated at 200,000 based on informant interviews (Vaughan, 1983) .
Currently Saimiri oerstedii oerstedii (Figure 1 ) is listed as Endangered while S. o. citrinellus ( Figure 2 ) is listed as Critically Endangered (Rylands et al., 1995; Rodriguez-Luna et al., 1996 , IUCN, 1996 . Populations of these two © 1998 FFI, Oryx, 32 (1), [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] subspecies were most recently estimated at c. 3000 and 500-1000, respectively (Boinski and Sirot, 1997) . Concomitant with this steep decline in the estimated population of squirrel monkeys was a massive increase in the rate and absolute amount of deforestation and forest fragmentation in Costa Rica (Butterfield, 1994) . Squirrel monkeys in Panama (only the S. o. oerstedii subspecies) have fared even worse. For more than a decade Panamanian wildlife biologists thought that squirrel monkeys in their country were extinct as a result of massive deforestation (Boinski and Sirot, 1997) . In 1996, however, a small population (< 25 individuals) was discovered in a 70-ha reserve on the Pacific coast at La Barqueta (8°23'N, 82°36'E; R. Samudio, pers. comm.). One of the notable features of squirrel monkey conservation in Costa Rica has been the lack of detailed documentation of the surviving populations. The few surveys reported thus far have either relied exclusively on interviews with local inhabitants (Vaughan, 1983) , censuses focused on highly restricted geographic areas (Wong, 1990a; Arauz, 1993) , or fieldwork in restricted areas combined with information provided by biologists with knowledge of other regions (Boinski, 1985 (Boinski, , 1987a Boinski and Sirot, 1997) . The lack of accurate data has probably hindered restoration or stabilization of squirrel monkey numbers. For example, two recent international workshops devising management strategies for S. o. citrinellus relied heavily on VORTEX Population Viability Analysis (PV A) models (Wong et al., 1994; Matamoros et al., 1996) . Yet the accuracy of PV A models is constrained by the quality of the data on which they are based (Lacy, 1993) , and the population estimates used in these PV As are inflated relative to more recent surveys (Boinski and Sirot, 1997) .
In 1996 we conducted the most extensive survey to date of squirrel monkeys in Costa Rica, encompassing the range of S. o. oerstedii and much of the range of S. o. citrinellus. The purpose of this report is to present distribution data for these two subspecies, evaluate current threats to their survival, and recommend appropriate management strategies. In addition, we suggest that S. oerstedii provides a useful case study of the effectiveness of conservation efforts confronting pressures for development. Costa Rica is arguably among the countries of Central and South America with the greatest conservation sophistication (Fundaci6n Ambio, 1993; Reid et al., 1994) , and the largest proportion of land reasonably protected in national parks, reserves, and wildlife refuges (11 per cent; Carrillo and Vaughan, 1993) . Furthermore, tourism, much of it generated by Costa Rica's scenery and wildlife, is its single largest source of foreign currency. The Instituto Costarricense de Tourismo (ICT) estimates that in 1996 alone over $US1 billion was generated by 800,000 foreign tourists in Costa Rica {ICT, unpubl. data) . If an appealing monkey can become extinct or closely approach extinction here, what are the realistic prospects for effective species conservation elsewhere?
Natural history
Owing to arguments that squirrel monkeys were probably first introduced into Central America from South America by prehispanic Amerind traders (Hershkovitz, 1984) , the merit of conservation efforts has been somewhat clouded and suspect. Why bother with an 'introduced' species when so many indigenous species are at risk? Convincing evidence now exists that S. oerstedii was present in Central America prior to the arrival of humans, and is distinguished from squirrel monkeys in South America in numerous respects. First, cladistic analyses based on extensive mtDNA sequence data from hair follicle collections from squirrel monkeys of known geographic origin in Costa Rica (S. o. oerstedii and S. o. citrinellus), Guyana and Suriname (Saimiri sciureus sciureus), and Peru (S. s. boliviensis) found that approximately the same degree of sequence divergence exists among the three clades, and that the divergence is likely to be ancient (> 500,000 years; Boinski and Jacobs, 1997) . Second, detailed comparisons of the morphology and enzyme banding patterns of S. oerstedii and South American squirrel monkeys indicate greater differences between the two geographic areas than are found within South American populations (Costello et al., 1993) . Lastly, the social organization of squirrel monkeys S. oerstedii in Costa Rica is markedly distinct (Boinski, in press ). Squirrel monkey troops in South America always exhibit strong dominance hierarchies and high levels of aggression. Costa Rican squirrel monkeys, however, arguably exhibit the most egalitarian, least aggressive © 1998 FFI , Oryx, 32 (1), [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] SQUIRREL MONKEYS IN COSTA RICA social organization of any primate taxon with typically large troops; neither males nor females can be described as ' dominant' over the other sex.
Distinctive features of the natural history of Central American squirrel monkeys enhance their susceptiblility to local extinction (Boinski 1987b (Boinski , 1988 (Boinski , 1989 Boinski and Fowler, 1989; Boinski and Sirot, 1997; Wong, 1990b) . 1 In continuous forest, Central American squirrel monkeys have large troop sizes (40-70) and large annual ranges (> 2 sq km). Long-term monitoring of isolated populations indicates that local extinction is almost certain when a group contains fewer than 15 members and less than c. 30 ha available habitat (Boinski and Sirot, 1997) . 2 Travel routes, and thus the habitat areas that can be exploited, have stringent requirements and are readily abandoned. Central American squirrel monkeys travel and forage almost exclusively on branches between 1-2 an in diameter and seldom make horizontal leaps greater than 2 m. Moreover, travel or any activity on the ground is extremely rare. As a consequence, road cuts, clearings for telephone and electric power lines, or even primary forests with gaps between tree canopies and little understorey can severely circumscribe troop movements. 3 The diet of Central American squirrel monkeys consists largely of phytophagous arthropods (Orthoptera such as grasshoppers and katydids, and lepidopterous caterpillars), and small berry-like fruits (and cultivated guava, banana, mango and cacao when little else is available). Disturbed and early successional habitats are clearly preferred to primary forest. This is because regenerating forest, compared with primary forest, generally has a greater abundance of phytophagous arthropods, fruits and flowers (Figure 3) . Therefore, squirrel monkeys are extremely vulnerable to habitat succession. Parts of Costa Rican protected areas, such as the Llorona plateau of Parque Nacional Corcovado, in which secondary habitat was allowed to follow its typical course of regeneration, have experienced local extinction of squirrel monkeys. Yet successional habitat created by human settlements, although more abundant than primary 48 forest, is seldom beneficial because squirrel monkeys exploiting these areas become agricultural pests and vulnerable to a panoply of risks unique to this habitat (see below). 4 Central American squirrel monkeys are documented to suffer severe food stress during the annual rainy season. The Pacific wet lowland region of Costa Rica has extremely pronounced seasonal fluctuations in rainfall, with negligible rain from January to March but an intense rainy season from August to November, when arthropod abundance declines dramatically. Moreover, the availability of the small berry-like fruits that squirrel monkeys specialize in harvesting is also at the annual nadir. As a result, squirrel monkeys greatly expand their ranging areas and virtually every moment of diurnal activity is allocated to searching for food. Not surprisingly, the physical condition of squirrel monkeys visibly declines during the rainy season. The minimum habitat required to sustain a troop over the long term is undoubtedly best represented by the extent of its habitat needs during the rainy season.
Methods
The primary objective of our study was to document Costa Rican localities where squirrel monkey troops still survived. Figure 4 indicates the the areas surveyed for this report. Published information on definite or possible populations, in addition to extensive interviews with knowledgeable informants were collated immediately prior to the initiation of the survey (see also Map 1 in Boinski and Sirot, 1997) . This collation determined the maximum limits of the surveyed area and the areas targeted as likely to contain squirrel monkeys but for which no recent and definite proof was available. Most sites were visited by three to four fieldworkers, the exceptions being Parque Nacional Corcovado and adjacent sites, which were visited by one field worker. In the course of our travels in the Pacific wet lowlands of Costa Rica we also searched for any unreported forested habitat that might contain squirrel monkeys. The only area we excluded from our survey was a zone of approximately 150 sq km, between Quepos (9°24'N 84°10E) and Parrita (9°32N 84°l8'E), (Altrichter et al., 1996) . Once a known or potential squirrel monkey locality was reached several techniques were employed to track and locate squirrel monkeys in site transects. For transects we followed compass bearings through forested areas (trail construction being neither feasible nor desirable), as well as exploiting stream beds, extant trails and roads. Approximately 4 h per day were spent surveying in the field, concentrated in the morning and late afternoon, when squirrel monkeys are most active and readily detected (Boinski and Sirot, 1997) . Other daylight hours were allocated to travelling between sites and interviewing informants. Localities and areas surveyed were considered 'unlikely' or 'impossible' to contain squirrel monkeys when they were effectively denuded of trees and shrubs or consisted of large, continuous plantations of trees, such as oil palm Elais guaianensis, known not to provide significant food resources to squirrel monkeys. When squirrel monkeys were encountered, as much information as possible was recorded on troop size, age-sex composition, foraging behaviour, habitat use, social and vocal behaviour. Whether or not squirrel monkeys were found, we investigated current and former threats to this species at each site.
Confirmed localities
Here we report only those Costa Rican localities in which the presence of squirrel monkeys was visually confirmed. Our 1996 survey established that squirrel monkeys were present at a minimum of 26 localities in Costa Rica, six with S. o. citrinellus and 20 with S. o. oerstedii (Table 1, Figure 5 ). These localities are often so distant from the nearest other locality (mean 3.6 ± 1.1 SE km, n = 26), compounded by the absence of intervening forest corridors, that dispersal of squirrel monkeys between localities is extremely unlikely. Even troops within 1 km of the range of another troop commonly face a gauntlet of challenges to dispersal (see below). We found 284 S. o. citrinellus and 962 S. o. oerstedii individuals. Twentyfive squirrel monkeys per troop was used as a conservative estimate of troop size for 10 troops of S. o. oerstedii in which exact counts were not achieved. For example, only a cluster of three adult males was sighted at both Puerto Escondito and Finca San Gerardo (Table 1; Figure 5 , key labels 13 and 19). Because adult males in poorly habituated Saimiri oerstedii troops often approach human observers and other potentially dangerous intruders while other troop members flee, an apparent defense strategy (Boinski, unpubl. data; Boinski and Mitchell, 1994) , these small groups of males indicated the presence of a troop at the site.
A habitat in all three protected areas is primary or high-grade forest and thus rarely exploited by squirrel monkeys. All other reported localities are on private and otherwise unprotected lands. The largest surviving and least disturbed breeding population of either subspecies is undoubtedly that in Parque Nacional Corcovado. It is possible that current numbers may be higher than the 200 monkeys we counted because the population in this park in 1984 was estimated to be 400-500 based on 3 years of field work resulting in 10 individually distinguished troops (Boinski, 1985; Boinski and Sirot, 1997) .
Our survey almost certainly missed some sites with squirrel monkeys and, with the exception of the 105 S. o. citrinellus in Parque Nacional Manuel Antonio, probably undercounted the number of individuals at some of the sites where squirrel monkeys were found. However, we are reasonably confident that no locality with large numbers(> 100) of squirrel monkeys remains unidentified in the area we surveyed. The most likely portion of Costa Rica in which undocumented troops may remain in our survey area are valley bottoms in the vicinity of the village of Coto Brus (8°58'N, 83°06'E; Table 1, Figure 5 , key label 1). There we found a single troop in an isolated patch of riverine forest, and squirrel monkeys may also inhabit other relict forest patches in this extensive, although heavily deforested, valley system. Several inaccessible patches of forest in the southernmost tip of the Burica Peninsula also warrant further scrutiny .
It should be noted that approximately 20 isolated groups totalling 445 individual (397 adult) S. o. citrinellus were identified by the Universidad Nacional survey between Quepos and Parrita (Altrichter et al., 1996) .
Current threats
The situation in Panama foreshadows the future of Costa Rican squirrel monkeys. Squirrel (Altrichter et al., 1996) , is that a total of 1500 S. o. citrinellus and 2000 S. o. oerstedii survives in the wild or as near commensals to humans. In any case, the current effective population size of squirrel monkeys in Costa Rica is undoubtedly below the 5000 individuals that Lande (1995) calculates are needed to avoid inbreeding depression and maintain long-term genetic viability in a species. This pessimistic prognosis is only exacerbated when the genetic fragmentation of the remaining squirrel monkeys in Costa Rica is considered; Lande' s estimation is premised on an assumption of random mating across a population. Our educated guess is that if the current development regime in Costa Rica continues unimpeded, in 15 years squirrel monkeys will survive at no more than half, and probably fewer, of the localities this survey documented. In 50 years, the distribution map of Costa Rican squirrel monkeys may have only two localities indicated, Parques Nacionales Corcovado and Manuel Antonio. Deforestation and habitat fragmentation are the primary causes of the present critical status of Costa Rican squirrel monkeys. Agriculture continues to erode squirrel monkey habitat at the level of both agribusiness and the individual small farmer. Development for tourism is perhaps a less appreciated, but no less important, threat, especially for S. o. citrinellus in the vicinity of Quepos and Parque N acional Manuel Antonio. Tourists and squirrel monkeys alike have strong habitat preferences for beachfront and lowland forests. With tourists come roads, restaurants, hotels, stores, and electric and telephone lines, all of which fragment and isolate squirrel monkey populations. The clearing of forest and scrub along the routes of power lines has led to electrocution being arguably the major source of direct mortality for S. o. citrinellus, and a significant one for S. o. oerstedii. Squirrel monkeys use power lines for 54 travel routes when thin arboreal branches are unavailable and at many sites power lines are the only nonterrestrial connections among discontinuous ranging areas (Figure 6 ). Despite this apparently positive feature, insulation on the power lines is poor and the electrocution of squirrel monkeys and other arboreal mammals is common (Figure 7 ; Boinski and Sirot, 1997) .
Plantations and silviculture are threats meriting mention apart from agricultural development because of the huge expanse of former squirrel monkey habitat they now occupy. As far as we could determine, effectively all of the lowland coastal area (550 sq km) between Savegre and Palmar Norte (Figure 4) , formerly prime S. o. citrinellus habitat (Boinski 1987b) , is now converted to oil palm plantations and human settlements. Patchier, but still extensive oil palm and banana plantations are also a significant landscape component in the range of S. o. oerstedii to the south.
A recent incursion on S. o. oerstedii habitat around the Golfo Dulce and Burica Peninsula is the establishment in the past decade of plantations totalling at least 14,000 ha of Gmelina arborea, a fast-growing tree native to India, by Stone Container Corporation of the United States. Gmelina is planted in pastures and other previously cleared areas as monoculture stands, which are regularly sprayed with pesticide, cleared of undergrowth and harvested for wood pulp after 8 years. Squirrel monkeys do not eat its fruit and have not yet been observed to forage for whatever arthropod fauna might survive the pesticide applications. From the perspective of squirrel monkeys this nominally 'empty' land was certainly either already prime habitat or would have quickly succeeded to the early successional habitat preferred by squirrel monkeys. On the other hand, plantations of Gmelina do provide transient benefits in that they allow squirrel monkey troops to travel between otherwise isolated patches of exploitable forest.
Other notable threats, albeit of reduced impact compared with deforestation and habitat fragmentation, include habitat succession, the pet trade, and hunting as crop pests. 1 Squirrel monkeys are clearly at risk of losing further numbers in Parque Nacional Corcovado and. the Refugio Nacional de Fauna Silvestre in Golfito as a result of succession of formerly extensive disturbed habitats. Fortuitously for the squirrel monkeys in Parque Nacional Manuel Antonio, a 1992 hurricane toppled approximately 25 per cent of the forest of this small protected area, and the areas of regenerating forest now provide more prime habitat for squirrel monkeys than was present before the hurricane. 2 A pet trade still exists where Boinski and Sirot (1997) predicted none. Ten pet squirrel monkeys were encountered during our survey, and five more were illegally on exhibit at a private zoological garden catering for tourists. At least 15 of the squirrel monkeys currently held in the two legal captive colonies Gardin Gaia, a wildlife rehabilitation center in Manuel Antonio that is open to visitors, and a private colony on the outskirts of San Jose owned by Dr Ludwig Muller) are former pets. More illicit captives undoubtedly exist. Numerous informants independently reported that (a) the current price for a pet squirrel monkey was $US30-50, (b) pet squirrel monkeys were relatively easy to obtain, and, (c) animals were not infrequently smuggled out of the country. One restaurant between Quepos and Parque Nacional Manuel Antonio has a commensal troop that forages on the patrons' tables and is also given food by restaurant staff to maintain the troop as a tourist attraction. We strongly suspect that the five adult female S. o. oerstedii we closely observed in the Quepos tourist developments surrounding Parque Nacional Manuel Antonio (72 km up the Pacific coast from the closest point of this subspecies's documented range) were captives released in 1995. 3 Although we did not see hunting or carcasses, numerous local informants, especially in the vicinity of Quepos and on the Burica Peninsula, readily and independently described hunting as an effective deterrent to crop raiding. This is consistent with an upsurge of complaints of crop damage caused by squirrel monkeys harvesting garden produce compared with previous surveys (Boinski 1985 (Boinski , 1987a Boinski and Sirot, 1997) . As with the pet trade, hunting was previously thought to be a negligible risk (Boinski and Sirot, 1997) .
Suggested management strategies
Each confirmed squirrel monkey locality represents a distinctive situation regarding the immediate conservation threats, the mix of interested government agencies, non-governmental organizations, private landowners, economic interests of the local community and potentially useful remedies. Under these conditions, a simple, comprehensive prescription for squirrel monkey conservation suitable for all sites is not attainable. In any case, broad conservation attempts for either all Costa Rican squirrel monkeys or one of the subspecies based largely on public education in the national media have been notably unsuccessful thus far. Therefore, we strongly advocate that future conservation efforts by concerned individuals, local groups and non-governmental organizations should target a single site or tight cluster of sites to secure and maintain a specific local population of squirrel monkeys. Perhaps a separate advocacy and support group could be recruited locally, nationally and internationally for each locality.
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The basic arsenal of conservation measures for squirrel monkeys is not large, and each should be fitted to the circumstances of the specific locality. 1 Available forest must be protected from further deforestation and fragmentation. All parties making land-use decisions must be informed of the economic and ecological benefits of maintaining a local squirrel monkey population. Owners of land for vacation retreats and tourist lodges, in addition to tourism industry associations, should be particularly targeted for enlistment in conservation projects. 2 Second-growth and early successional habitat must be maintained. Nationally protected areas and privately owned forests should be managed, not merely 'protected'. Squirrel monkey habitat must contain a large component of secondary forest. Many of the plant genera that define early successional growth in Pacific lowland Costa Rica, including Cecrapia, Piper, Miconia, Palicourea and Lycianthes, provide most of the fruit and arthropod components of the squirrel monkey diet. Food sources can be further augmented and stabilized across the annual cycle by planting and maintaining patches of guava trees Psidium guajava. During the wet season, the fruits of feral and cultivated guava trees probably are crucial sources of food in many of the remaining squirrel monkey localities. 3 Squirrel monkeys use existing corridors for crossing roads or moving between separated forest patches when they are available. In areas inhabitated by squirrel monkeys safe travel routes must be maintained or established. The removal of branches overhanging roads should be discouraged, as should unnecessary brush and tree clearance from roadsides, pastures and underneath powerlines. Along commonly used travel routes, ropes or other branch substitutes should be provided across roads and other relatively narrow clearings, and the junctures of powerlines should be insulated where electrocution is a risk. 4 Squirrel monkey numbers should be monitored within each locality at frequent intervals, at least four times annually. This is much easier than it appears at first glance. Costa Rican squirrel monkeys are highly conservative in their use of sleeping trees. Probably one or two alternative trees account for 90 per cent or more of trees used as sleeping sites. Once these sleeping sites are identified (sleeping trees are reasonably predictable as to location and other characteristics; Boinski, 1987b; Boinski and Sirot, 1997) , observers can readily document local population levels by monitoring the trees at predawn and dusk. 5 Based on criteria presented in Kleiman (1996) , reintroduction or translocation of squirrel monkey troops into areas in which they were previously extirpated is not warranted at this stage of Costa Rican squirrel monkey conservation. Furthermore, we argue that resources are much more effectively spent maintaining squirrel monkeys in localities where they are already present rather than in attempts to establish new populations in areas in which long term habitat suitability is uncertain. 6 Once population and habitat losses are controlled within each locality, attention should be given to maintaining genetic diversity. Female dispersal predominates among Costa Rican squirrel monkeys, and females readily change troops with no aggression from either resident male or female troop members (Boinski and Mitchell, 1994) . Wildlife population geneticists should be consulted about the minimum transfer rate of females needed between isolated localities (Lande, 1995) .
